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Abstract: We make a complete one loop calculation of the tbW couplings in the Two
Higgs Doublet Model. We evaluate both the anomalous couplings gL and gR as well as left
handed and right handed component of tbW . The computation is done in the Feynman
gauge using the on-shell scheme renormalization for the Standard Model wave functions
and parameters. We rst show that the relative corrections to these anomalous couplings
are rather small in most regions of the parameter space. We then analyze the eects of
these anomalous couplings on certain observables such as top quark polarization in single
top production through t channel as well as W boson helicity fractions in top decay.
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1 Introduction
Top quark is the heaviest particle discovered by D0 [1] and CDF [2] collaborations at the
Tevatron-Fermilab with mass mt = 173:21  0:51(stat:)  0:71(syst:) GeV. Some of its
properties have been studied by the rst run of LHC and will get improved by the new
LHC run. It is well known that LHC machine with 13-14 TeV center of mass energy will act
as a top factory since the total cross section for top quark pair production will reach one
nanobarn. At the LHC, the top quark production will be two orders of magnitude larger
than in the Tevatron. At low luminosity phase of LHC, one expects about ten millions top
pairs per year and this number will increase during the high luminosity phase. Therefore,
with such extremely large number of top anti-top, it is expected that top quark properties
(top mass, top spin and decay rates. . . ) can be examined with very good precision.
The main decay of the top quark is into W boson and bottom quark. At the tree
level, this decay proceeds through the left handed V-A charged weak interaction which is
directly proportional to Cabbibo-Kobayachi-Maskawa Vtb that can be measured in single
top production. Both in the Standard Model (SM) and Beyond SM, loop eects can mod-
ify the structure of tbW vertex. Such modications are typically described by anomalous

















components of tbW . The QCD corrections to the anomalous coupling gR have been eval-
uated a while ago in [3], while the SM electroweak and QCD corrections to gL;R and VR
have been studied in [4] and [5]. It turns out that the anomalous couplings gL; gR as well
as top quark right coupling gR in the tbW are dominated by the QCD corrections.
It is well known that, the anomalous tbW couplings could be probed by measuring
the W boson helicity fractions in the top quark decay [6, 7]. These polarization states
are proven to be sensitive to new physics eects [8]. Moreover, top quark due to its short
lifetime, decays before it hadronizes. Therefore, the information about its polarization may
be preserved in its decay products which can be viewed as top spin analyzers.
In this study, we are interested in computing the complete one loop contribution to
the anomalous tbW couplings in the framework of Two Higgs Doublet Model (2HDM). We
evaluate both the anomalous couplings gL and gR as well as left handed VL and right handed
VR component of tbW . We stress that, evaluation of the top anomalous couplings in the
framework of the two Higgs Doublet Model (2HDM) has been studied some times ago in [9]
and recently in [10]. In [10], only the computation of the tensorial anomalous couplings
gR and gL has been considered. We will perform, in addition to tensorial couplings gL;R,
a complete one-loop computation of the left and right chiral couplings VL and VR and
quantify their eects on top quark polarisation in single production through t-channel and
W helicity fractions.
The 2HDM eects are found to be below percent level. In the present computation,
we perform a comparative study and will include all the virtual eect of the 2HDM as
well as the real emission of photon and gluon in the nal state that are necessary for the
computation of the one loop contribution to VL in order to have infra-red nite result.
There have been several experimental searches for anomalous coupling of the top quark.
One of the most strongest constraints comes from measurement of Br( B ! Xs) [11].
Tevatron also has reported limits on the anomalous couplings in the search of new physics
in top quark decays [12]. We note also that there are limits from ATLAS and CMS col-
laborations on anomalous couplings from the measurements of the W helicity fractions
in top quark decay [6, 7]. In this regard, the rst measurement was reported by the CMS
collaboration [13] assuming VL = 1; gL = VR = 0, they have found the following value
gR = 0:070 0:053(stat:)+0:081 0:073(syst:). But this measurement suers from large statistical
and systematic uncertainties. The sensitivity of the ATLAS experiment to the anoma-
lous tbW couplings has been studied in [14]. Finally, we stress here that the anomalous
couplings might be measured from the measurement of single top production cross sec-
tion at the LHC [15], from the measurements of Laboratory frame observables constructed
in [16] through single top production at the LHC [17], and from the observables that were
considered for the case of a future e p collider [18].
In fact, all measurements of top quark properties performed so far are in perfect
agreement with the SM theoretical predictions. We would like to investigate the top quark
tbW anomalous couplings as well as left and right handed tbW couplings in the 2HDM,
and quantize their eects on some top quark observables such as top polarization in single

















The outline of this paper is the following: in section 2, we introduce the two Higgs
Doublet Model, its parameters and the constraints that we will use during the numerical
analysis. In section 3, we describe the experimental status of the anomalous couplings and
the theoretical set-up used in our calculation while in section 4, we present and discuss
our numerical results. Our conclusions are drawn in section 5. The appendix is devoted to
analytical expression for the one-loop anomalous couplings given for the rst time in terms
of Passariono-Veltman functions and comparison with some results from literature.
2 The Two-Higgs-Doublet-Model
In the Two-Higgs-Doublet Model, two scalar doublets under SU(2)L with Hypercharge
YH1;2 = 1=2 are used to generate fermion and gauge boson masses. The inclusion of the
two doublets may give rise to sizeable avor changing neutral current processes (FCNC)
at tree level. In order to avoid such tree level FCNC, a discrete symmetry Z2 (for example
H1 ! H1 and H2 !  H2) is imposed [19]. Hence, there are 4 dierent combinations of
the Yukawa Lagrangian depending on the Z2 charge assignment to the leptons and quarks
elds [20, 21]. There are four dierent models of Yukawa interactions. In type-I model,
only the second doublet H2 interacts with all the fermions while in type-II model where
the doublet H2 interacts with up-type quarks and H1 interacts with the charged leptons
and down-type quarks. In type-X model, charged leptons couple to H1 while all the quarks
couple to H2. Finally, in type-Y model, charged leptons and up-type quarks couple to H2
while down-type quarks acquire masses from their couplings to H1. Given that the Higgs
couplings to quarks are the same in type-I (resp type-II) and in type-X (resp type-Y), in
what follow we will discuss only 2HDM type-I and II.
The Lagrangian representing the Yukawa interactions is given by:
 LY uk = qLYu eH2uR + qLYdHddR + lLYlHllR + H. c; (2.1)
where Hi; i = l; d is either H1 or H2 and Yi is a set of Yukawa matrices.
The most general scalar potential which is gauge-invariant, re-normalizable and CP-
invariant is:
V (H1; H2) =
2





2 + H.c]; (2.2)
with 211;22; i;(i=1:::4) are real parameters while 
2
12 and 5 could be complex for CP vi-
olating case. Note that in the above potential the Z2 symmetry is only broken softly
by dimension 2 term 212(H
y
1H2) while dimension four terms are not introduced in our









; i = 1; 2; (2.3)
where v1 and v2 are the vacuum expectation values of the two doublets. After electroweak


































Type-I c=s c=s c=s s=s s=s s=s c=s  c=s  c=s
Type-II c=s  s=c  s=c s=s c=c c=c c=s s=c s=c
Type-X c=s c=s  s=c s=s s=s c=c c=s  c=s s=c
Type-Y c=s  s=c c=s s=s c=c s=s c=s s=c  c=s
Table 1. Yukawa couplings in terms of mixing angles in the 2HDM Type I, II, X and Y.
bosons H, one CP-odd A0 and two CP-even h0; H0 where the lightest CP-even scalar
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where Si are the Yukawa couplings in the 2HDM. In table 1, we give the values of the
couplings in the four types of Yukawa interactions of the 2HDM with softly broken Z2
symmetry. We will identify the light CP-even Higgs h0 as the 125 GeV SM Higgs, the
other parameters of the 2HDM are not yet measured by any experiment, hence we will
apply the following theoretical and experimental constraints on the parameter space of
the model:
 Vacuum stability of the scalar potential [22].
 Tree-level perturbative unitarity [23{25].
 We imposed constraints on the  parameter using the PDG update on electroweak
ts [26].
 We imposed constraints from the ATLAS measurement [27] of the signal strength
XX dened by:
XX =
(pp! h0)2HDM (h0 ! XX)2HDM
(pp! h0)SM (h0 ! XX)SM ; (2.6)
where XX represents the channels: WW; ZZ; ; and +  and (pp ! h0)


















 We will use the results of indirect constraints on the charged Higgs boson mass from
processes at the one-loop order, e.g b ! s and Rb [28{35]. In our analysis, we
assume that mH  480 GeV in 2HDM type-II.
 Constraints from direct searches of charged Higgs bosons at LEP [36] and the
LHC [37{39] will be used.
3 Anomalous tbW couplings
Owing to Lorentz invariance, the amplitude of top quark decay t(pt) ! b(pb)W+(q) can
be written as:















2(1 5) are the projection operators, pt; pb and q = pt  pb are respectively
the four-momenta of the top, bottom and W+ boson. The three particles are assumed
to be on-shell. For the case of W+ being o shell, there are two-additional terms which
should be added to the matrix elements1 in eq. (3.1). At tree level, in the SM, VL = Vtb
and VR = gR = gL = 0, while radiative corrections in the SM induce non-zero values for
VR; gR and gL. Note that renormalizable theories beyond the SM might induce non-zero
values for the right chiral coupling VR even at tree level, but gR and gL have to be induced
only at one-loop order. Before discussing the details of our calculations, we recapitulate
the experimental status of the direct searches for the anomalous couplings as well as the
indirect constraints coming from one-loop induced processes.
One of the strongest constraints comes from BR( B ! Xs) [11]. The enhancement
factor mt=mb implies that these constraints are stronger for VR and gL and rather weaker
for gR:
 0:15  Re(gR)  0:57;
 7 10 4  VR  2:5 10 3;
 1:3 10 3  gL  4 10 4: (3.2)
There are also 2 limits available for gL;R using LHC simulations [40];
 0:026 < gR < 0:024 and   0:058 < gL < 0:026 :
In the search of new physics in top quark decays [12], Tevatron has reported 95% CL
limit on anomalous couplings as follow:
jVRj2 < 0:30 ; jgLj2 < 0:05 and jgRj2 < 0:12: (3.3)
It was assumed VL = Vtb.























There are also 95% CL limits [41] on all the anomalous couplings that appear in
eq. (3.1) from a global t to experimental data. This data includes single top production
cross section (t-channel, s-channel and tW associated production) and W helicity fraction
at both the Tevatron and the LHC. These limits are:
 0:142  gR  0:023 ;  0:081  gL  0:049;
0:902  VL  1:081 and   0:112  VR  0:162: (3.4)
Moreover, a global t of the anomalous Wtb couplings has been performed in [42] where
correlations among the dierent eective operators have been investigated.
On the other hand, limits on tensorial anomalous couplings gL and gR have been
studied in [44, 45] by combining several constraints from b ! s, helicity fractions, single
top production, electroweak precision test (mainly from the S-parameter) and the electric
dipole moments. It was found that the real part of gR is strongly constrained by the helicity
fractions while the strongest constraint on Re[gL] comes from b! s branching ratio. On
the other hand, the imaginary part of tensorial couplings is severely constrained by the
electric dipole moments (EDM); e.g the strongest constraint on Im[gL] comes from neutron
EDM while Im[gR] is strongly constrained by electron EDM.
The ATLAS collaboration [43] has reported 95% CL limits on the ratios of the anoma-
lous couplings gR and VL from the measurement of the double dierential decay rate of
the top quark in single top production through t-channel process at
p
s = 7 TeV taking











2 [ 0:17; 0:23] (3.5)
Recently, ref. [46] puts 95% CL limits on the real and imaginary part of the anomalous
couplings which were obtained from a global t to data using the following observables:
 t-channel single top production cross section at the LHC at ps = 7; 8 and 13 TeV
and at Tevatron
p
s = 1:96 TeV,
 s-channel tW associated production at both the LHC 7  8 TeV and Tevatron
 Results from W helicity fractions in tt production at ps = 8 TeV
 Expected results corresponding the t-channel production cross section at ps = 14
and 33 TeV assuming that VL = Vtb ' 1.
We stress that these limits are rather weak for VR; and gL and slightly stronger for the
case of gR.
We will perform a complete analysis of all anomalous couplings present in eq. (3.1).
The corresponding Feynman diagrams are depicted in gure 1. For the calculation of
gL; gR and VR, there is no need to renormalize the theory since these couplings are absent
at tree level. In fact, infrared divergences are also absent in the case of these couplings. For


















Figure 1. Feynman diagrams that contribute to one loop tbW coupling in the 2HDM.
tG (from bW and bG) are individually infrared divergent but their sum is infrared
nite. On the other hand, in the case of VR, all the diagrams involving the photon/gluon
are IR nite.
Before computing the anomalous couplings in the framework of the 2HDM, we have
calculated them in the SM and compared with the results of [4] for the case of gL and gR
and with [5] for the case of the right chiral coupling VR. The numerical values of gL, gR
and VR in the SM are tabulated in appendix A while their analytical expressions are given
for the rst time in terms of Passarino-Veltamn functions are shown in appendix B.
The one-loop correction to VL involves divergent integrals. In order to get meaningful
results, we should add appropriate counter-term to the bare coupling. In order to achieve
that, we will be working in the on-shell renormalization scheme [47, 48], where necessary
redenition of the elds and parameters is performed such that the total amplitude (un-
renormalized and counter term) is UV-nite. The counter-term of tbW coupling is given by:

































where we have assumed that Vtb = 1 and Vtb = 0. The renormalization constants
Ze; sW ; ZW ; Z
t;Ly and Zb;L are determined as usual by suitable mass and eld renor-
malization conditions.
The Feynman diagrams and the corresponding amplitudes have been generated with
FeynArts and FormCalc packages [50{53]. The output was passed to LoopTools [54{56]
for numerical integration of the one-loop functions. UV divergences and renormalization
scale independence have been checked analytically with FormCalc and numerically with
LoopTools. However, due to the contribution of virtual photons and gluons, the corrections
to VL are infrared divergent. These IR divergences are cancelled after introducing real
photons and gluons emissions in the nal state. We have checked that indeed, the total
amplitude consisting of virtual, soft and hard photons/gluons emissions are independent
of the eective cuto 2IR. This cancellation has been checked analytically by computing
the IR divergent of the three-points Passarino Veltman function C0 in the soft limit using
analytical expressions from [49] and the real (soft and hard) emission factors extracted
from [48]. With LoopTools, we checked numerically that the total contribution:
2Re(MtreeMvirtual) + jMrealj2; (3.8)
is independent of 2IR by computing the sum (3.8) for dierent values of 
2
IR 2 [10 10 : 106]
and have found that the sum is 2IR independent.
4 Numerical results
The input parameters of the SM are taken from the Particle Data Group [26]:
mt = 173:21 GeV mb = 4:66 GeV
MW = 80:385 GeV MZ = 91:1876 GeV
S = 0:118 mH = 125 GeV
while the parameter space of the 2HDM is scanned over the range specied in table 2.






with Oi = Re(gL);Re(gR);Re(VR) and Re(VL) + Vtb.
4.1 Anomalous couplings
The relative correction gL is shown in gure 2 in dierent plan (tan , 
h
d) (left panels),
(mH ;mA) (middle panels) and (sin( ); cos). Upper panels are for 2HDM-I and lower
panels for 2HDM-II. One can see that gL gets enhancement for type-I (in most regions
of the parameter space) while it is always suppressed with respect to the SM for 2HDM
type-II. Most of the regions in the parameter space correspond to gL < 2%. In type-I,


















100 GeV  mH  900 GeV 480 GeV  mH  900 GeV
90 GeV  mA0  900 GeV 90 GeV  mA0  800 GeV
125 GeV  mH0  900 GeV 125 GeV  mH0  900 GeV
0  sin(   )  1 0  sin(   )  1
1  tan  30 1  tan  30
 25  5  25  25  5  25
Table 2. Parameter space of the Two-Higgs-Doublet model Type-I and -II over which the scan has
been performed.
Figure 2. Relative contribution gL in 2HDM type-I (upper panels) and type-II (lower panels)
shown as a scatter plot in the (t , 
h
d) plan (left), (mH0 ;mA0) plan (middle) and (s ; c) plan
(right).
also for mH0;A0 2 [100 : 300] GeV (middle panel). A decoupling behavior is easily observed
for large values of tan   25, hd  1 and also for heavy scalars mA0;H0 > 700 GeV.
In 2HDM type-II, we see that gL is always negative while it approaches 0%, (SM
regime), for hd  1 and tan  1.
In gure 3, we plot the correction to gR in type-I 2HDM (upper panels) and type-II
2HDM (lower panels). We can see that corrections in type-I model can reach  5% for
tan  1 and the enhancement attains 1%. However, in type-II 2HDM, the suppression of
the correction to gR with respect to the SM result is smaller and the enhancement is quite
bigger than type-I 2HDM, i.e max gR ' 1:5% and min gR '  2%.
In gure 4 (upper panels), we illustrate the correction to VR in 2HDM type-I. It is clear
from these plots that the corrections hardly reach 2% while the maximum of suppression
is about  3:5%. The decoupling limit where V 2HDMR = V SMR is attained for large tan ,

















Figure 3. Relative contribution gR in 2HDM type-I (upper panels) and type-II (lower panels)
shown as a scatter plot in the (t , 
h
d) plan (left), (mH0 ;mA0) plan (middle) and (s ; c) plan
(right).
Figure 4. Relative contribution VR in 2HDM type-I (top) and 2HDM type-II (bottom) shown
as a scatter plot in (t , 
h
d) plan (left), (mH0 ;mA0) plan (middle) and (s ; c) plan (right).
In the lower panels of gure 4, we can see that, contrarily to 2HDM type-I, the enhance-
ment of VR in 2HDM type-II is larger and reaches 6% for mH0 and mA0 2 [300 : 400] GeV
while the suppression is hardly fullled and reaches only  1%.
In gure 5, we have shown corrections to the left chiral coupling VL. We see that the
corrections are very small (not exceeding 0:4%) in most regions of the parameter space.


















Figure 5. Relative contribution VL in 2HDM type-I (top) and 2HDM type-II (bottom) shown
as a scatter plot in (t , 
h
d) plan (left), (mH0 ;mA0) plan (middle) and (s ; c) plan (right).
Top quark Anti-top quark
Px  0:0179074  0:107771
Py 0:0040848 9:66629 10 6
Pz 0:880908  0:850601
Table 3. Values of the polarization of t=t in the SM at
p
s = 14 TeV. Formulae have been taken
from ref. [59].
4.2 Top polarization
We also studied numerically the top polarization in the channel qg ! q0tb at the LHC forp
s = 14 TeV. The relative correction is dened as:
Pi =
P 2HDMi   P SMi
P SMi
; i = x; y; z (4.2)
Following ref. [59], the axes are dened as; the z-axis is the direction of the spectator quark
q0, the y-axis is orthogonal to the direction of the momentum of the initial quark q and
the momentum of the spectator quark q0 and the x-axis is chosen such that the system is
right handed. We have taken the expressions of the components of the polarization vector
from [59] for both the top and anti-top quarks at 14 TeV. We quote the results for the case
of the SM in table 3.
In gure 6 (upper panels), we plot the relative correction Pi; i = x; y; z in the 2HDM
type-I for the top quark in the (mH0 , mA0) plan. We see that Px reaches 2% as a
maximum of enhancement. The suppression of Px with respect to the SM value reaches
 5%. Corrections to Py are shown in the middle panel of gure 6, the corrections are

















Figure 6. Scatter plots in (mH0 , mA0) plan where the palette shows the values of Px (left
panels), Py (middle panels) and Pz (right panels) in the 2HDM type-I (upper panels) and
2HDM type-II (lower panels).
order of  0:5% which implies that non signicant deviation from the SM is attained. We
note also that the corrections to Pz (right panel of gure 6) are even more smaller (0:001%
as a maximum).
In gure 6 (lower panels), we plot the relative corrections to the components of the
polarization vector of the top in 2HDM type-II. We see that in this model, corrections
are very small. maxfPx;Py;Pzg = f2%; 0:4%; 0:0025%g and minfPx;Py;Pzg =
f 2%; 0:5%; 0:0015%g.
4.3 W helicity fractions
Anomalous tbW couplings could be probed by measuring the W boson helicity fractions
in the top quark decay (unpolarized decay) [6, 7]. These polarization states are proven to
be sensitive to new physics eects [8] where the W boson could be produced with positive
(R), negative (L) or zero (0) helicity states,  (t ! bW+) =  L +  R +  0. Expressions
of the polarized widths in terms of the anomalous couplings are taken from [40]. The
polarization of the W boson could be measured by looking to the angular distributions of
its decay products (especially into leptons). The dierential decay rate of the unpolarized












(1  cos l )2FL +
3
4
sin2 l F0; (4.3)
with Fi =  i=  are the helicity fractions and 

l is the angle between the lepton three-
momentum in the rest frame of the parent W boson and the W boson three momentum in
the top quark rest frame. The SM predictions are known up to NNLO in QCD [57];

















Figure 7. Scatter plot in the (mH0 , mA0) plan where the palettes show the values of F0 (left
panel), FR (middle panel) and FL (right panel) in the 2HDM type-I (top) and 2HDM type-II
(bottom).
Calculations of the helicity fractions have been performed in the framework of the
MSSM in [58].
For numerical analysis, we dene the ratios Fi by:
Fi =
F 2HDMi   F SMi
F SMi
; (4.4)
where F SMi includes complete one-loop corrections (in s and ) while F
2HDM
i contains
additional the contribution from the extra particles of the 2HDM and its interference with
the pure SM (EW and QCD) contribution.
In gure 7 (upper panels), we plot the contribution to the helicity fractions in 2HDM
type-I. F0 is shown in the left-panel, where we observe that the corrections are quite
small max F0 = 2:2% and always enhancing F0 with respect to its SM value while the
minimum of the correction is 1:5%. Corrections to FR is depicted in gure 7 (middle panel),
we see that the corrections are always suppressing the SM value; max FR   3:4% and
min FR   5:4%. We notice that FR is very small and vanishes in the limit mb ! 0.
We illustrate in the right panel of the same gure the correction to FL. As it can be seen,
there is always suppression of FL with respect to its SM value  4:8%  FL   3:4%.
In gure 7 (lower panels), corrections to Fi are shown in 2HDM type-II. In the left
panel, we see that correction to F0 is more or less of the same size as for the case of
2HDM type-I. The maximum of F0 is 2:1% reached where the masses are quite small
mH0;A0  300   400 GeV. In the middle panel of gure 7, we show the correction to FR.
We see that FR is always suppressed with respect to its SM value.  5:5%  FR   3%.
Finally, the extra contribution to FL is shown in the right panel of gure 7, one can see
that the corrections are the same in 2HDM type-I and type-II, e.g  4:8%  FR   3:4%


















We have computed the complete one loop contribution to the anomalous tbW couplings in
the 2HDM. We give for the rst time the analytical expressions of the anomalous couplings
in terms of the Passarino Veltman functions. We have evaluated both the anomalous
couplings gL and gR as well as left handed VL and right handed VR component of tbW .
The computation is done by diagrammatic method in the Feynman gauge using dimensional
regularization in the On-shell renormalization scheme.
We show sensitivity of the 2HDM parameters to the various anomalous tbW couplings
taking into account recent LHC constraints. We also illustrate the overall sensitivity to
the 2HDM parameters to some LHC observables such as: top polarization in single top
production through t-channel as well as W helicity fractions in top decay. We also project
our numerical results on D, which is the Yukawa coupling of the Higgs to down quarks
and also on sin(   ) which leasure departure from decoupling limit of 2HDM.
The eect on most of the observales we consider are rather small. It will be rather
a dicult task to disentangle the 2HDM from SM even with the High luminosity LHC
option. However, with the projected Super B Factory experiments with high luminosity,
from the precise measurement of b! s we would have a strong limit on VR and gL.
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A Anomalous tensor couplings in the SM
In this appendix, we give our numerical results for the anomalous tensor couplings in the
SM and compare with results from [4] and [5].
In table 4 we show the values of gL. In most of the cases, there is an agreement
between our results and those presented by the authors of [4] except for diagrams with
bW+Z and bG+Z exchange where our results are two times larger. On the other hand, in
the diagrams with bW+H and bG+G0 exchange, we have found that our imaginary part
of gL has a dierent sign to that found in [4].
In table 5, we show the values of coupling gR for dierent diagrams and compares with
the results of Vidal [4]. One can see that the same remarks apply here as for the case of
tensor coupling gL. In table 6, we show contribution to VR for dierent diagrams in the SM
and compare with the recent results of Vidal et al. reported in [5]. We have checked the cor-
rectness of our results, for certain diagrams where the results are not consistent with [4, 5],






















tW + tG   0:00925  0:0094
bW+Z  0:042  0:0457i  0:0201  0:0214i
bW+H 0:0089 + 0:0155i 0:0086  0:0120i
bG+G0  0:0033 + 0:0172i  0:0029  0:0167i
bG+H  0:000356  0:0138i  0:0019 + 0:0111i
bG+Z  0:000765  0:000555i  0:00039  0:00028i





(EW )  0:128529  0:00330156i  0:102  0:0014i
gtb  1:10326  1:12
Table 4. A comparison between our results and those of [4] corresponding to 103gL.






tW + tG  0:5706 0:572
bW+Z  1:33481  1:46899i  0:623  0:664i
bG+G0 0:0001675  0:0011i (1:5 + 11i) 10 4
bG+H  0:000439  0:00117i ( 4:3 + 8:6i) 10 4
bG+Z  0:1820  0:132i  0:088  0:062i
bW+ + bG+ 0:118  0:503i 0:0114  0:509i
Ztb  0:4096  0:397
tb 0:0669 0:068
G0tb  0:00069  6:8 10 4
Htb  0:00077  6:2 10 4
(EW )  1:95628  2:10655i  1:24  1:23i
gtb  6:60729  6:61

















Diagram Contribution to VR Result of [5]
tZW 2:18162 10 5 2:01 10 5
tW  1:22114 10 5  1:10 10 5
tHW 0 0
tGG0 + tHG  1:67866 10 5  1:55 10 5
tZG 0:117165 10 5 0:1 10 5
tG 0:76815 10 5 0:69 10 5
bWZ (1:19335 + 8:90489i) 10 4 (1:12 + 8:24i) 10 5
bW (8:97983  4:71769i) 10 5 (8:34  4:25i) 10 5
bWH 0 0
bGG0 + bGH (1:05897 + 1:9014i) 10 5 (1:01  0:35i) 10 5
bGZ (0:00109755 + 0:360717i) 10 5 0:31i 10 5
bG ( 4:82503 + 2:5363i) 10 5 ( 4:47 + 2:29i) 10 5
Ztb  2:5271 10 5  2:30 10 5
tb  2:98898 10 5  2:78 10 5
G0tb+Htb  1:13206 10 5  1:03 10 5
(EW) ( 0:0727959 + 8:98568i) 10 5 (0:06 + 6:23i) 10 5
gtb 2:91224 10 3 2:68 10 3
Table 6. The right chiral coupling VR in the SM at the one-loop order.
B Top quark anomalous couplings gL; gR and VR in the Two-Higgs-
Doublet-Model
In this appendix, we present for the rst time the analytical expressions of the anomalous
couplings for dierent diagrams in the 2HDM in terms of Passariono-Veltman functions.




d are the Yukawa couplings dened in eq. (2.5) and in table 1. In the












C) the Passarino-Veltman func-
tions, A;B and C are the particles running in the loops. Qb = 1=3; Qt = 2=3 and CF =
4=3, sW = sin W ; cW = cos W ; ci = cos i; si = sin i and ti = tan i where i = ; . Expres-
sions in the case of the Standard Model are recovered by letting s  ! 1; c  ! 0 and
s = c; s =  c in the previous formulae.
















































































































































































fC1 + C11 + C12g;
gbtZL =

















































































 mbMW ( 3 + 4s2W )
24s2W






f (3 + 4s2W )C1 + 2(3  2s2W )(C12 + C22)  6s2WC2g












































































































































fC2 + C22 + C12g;
gbtZR =











































































mtMW ( 3 + 2s2W )
24s2W

























f B0(m2b ;m2b ;m2h0)+2C00+m2b(C1+C11+C12)+M2W (C1+C0+C2)








f B0(m2b ;m2b ;m2h0)+2C00+m2b(C1+C11+C12)+M2W (C1+C0+C2)








f B0(m2b ;m2b ;m2A0)+2C00  M2WC1+m2b(C1   C11   C12)








fB0(m2b ;m2b ;M2Z)  2C00  m2b(C12+C2+C22)+m2t (C0+C12+C2)
















fm2b((C0   C11   C12   C2) + tAd (C0   C11   2C12   C22))


























































































































































f 3s2WC0 + (3  5s2W )(C1 + C2) + (3  2s2W )(C11 + 2C12 + C22)g
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